Abstract -Here we demonstrate the emergence of localized surface plasmon modes of geometrical origin in metallic particles whose surface is periodically textured at a subwavelength scale. In particular, we study a novel magnetic mode appearing in such structures, which features subwavelength confinement and has no analogue in conventional particle plasmonics.
I. INTRODUCTION
The existence of surface plasmons propagating along metal/dielectric interfaces, surface plasmon polaritons, SPPs, or localized at metal particles, LSPs, is limited to the high frequency range of the spectrum. At low frequencies, the surface electromagnetic (EM) waves supported by metal/dielectric interfaces are poorly confined and extend mostly in the dielectric. However, "spoof" surface plasmons are able to transfer the properties of SPPs to low frequencies [1] . These SPPs are geometrically-induced propagating surface modes that arise when a highly conducting surface is periodically corrugated on a subwavelength scale. Spoof SPPs have been studied, theoretically as well as experimentally, in 2D surfaces and in a variety of 1D waveguiding schemes. Recently, the localized version of this concept, the spoof-LSPs, have also been shown to appear for textured PEC particles of closed surfaces [2] . Infinitely long subwavelength PEC cylinders corrugated with a periodic array of grooves filled with a dielectric material were shown to feature an electrical dipole response, much in the same way as the LSPs supported by metal particles in the optical regime. In this work we explore the emergence of subwavelength magnetic resonances in these textured PEC particles.
II. METALLO-DIELECTRIC CORRUGATED CYLINDERS
We start by considering a basic 2D geometry that supports spoof-LSPs. It consists of an infinitely long metallic cylinder of radius R corrugated with a periodic array (period d = 2πR/N ) of N parallel grooves, of depth h = R − r and width a, see the sketch in Fig. 1(a) . The number of grooves and the radius of the cylinder are chosen to yield d λ 0 , with λ 0 being the wavelength of the incident EM wave. The grooves are filled with a dielectric material of refractive index n g . In this way, the resonant wavelengths, λ res , can be made much larger than the size of the object and we can operate in the very deep subwavelength regime, R λ res [2] . Here, we take the metal structures as PECs, which allows for an analytical treatment and moreover is a very good approximation at sufficiently low frequency. We analyze the EM response of corrugated PEC structures by means of the Scattering Cross Section (SCS), which we numerically compute making use of FEM simulations [3] . In order to calculate the SCS we consider an incoming TM-polarized plane wave (magnetic field H pointing along the z direction) propagating along the x axis and with wavenumber k 0 = ω/c [see Fig. 1(a) ].
The SCS spectrum for a representative textured cylinder with grooves of parallel walls and with parameters r = 0.4R, N = 40 and a/d = 0.3 is shown in Fig. 1 (a) . This spectrum closely resembles what is observed for very subwavelength metal particles at optical frequencies. This analogy suggests that the first resonance peak is due to the electrical dipole resonance while the high frequency narrow peak is associated with the electrical quadrupole (see inset panel). On the other hand, a calculation of the eigenmodes of the structure reveals that the first resonance peak has contributions of two different EM modes with very similar eigenfrequencies. One of them has an electrical dipole character [see panel (b) ] whereas the field pattern associated with the other one is independent of the azimuthal angle, as corresponds to a magnetic dipole pointing along the z-axis [see panel (c)]. 
III. METALLO-DIELECTRIC CORRUGATED DISKS
Here we study the 3D counterpart of the corrugated PEC cylinders studied in the previous section. Going from the infinitely long textured cylinder to a 3D corrugated disk of finite thickness L has a fundamental consequence. Not only do the resonances shift when the particle's size is reduced, as usual in particle plasmonics, but also the magnetic and electric LSP split in such a way that the former shifts to higher frequencies than the latter. The SCSs for two disks of different L are shown in Fig. 2 (a) . The disks are corrugated with grooves of parallel walls filled with a dielectric material and with the same parameters considered in Fig. 1 . As in the 2D case, in the 3D FEM simulations we have considered an incident wave polarized with the magnetic field pointing in the z direction and propagating along the x axis, see Fig. 2 . Two distinct peaks can be seen in the SCS plot for disks of finite thickness (L = R in solid red and L = R/2 in dashed blue). By looking at the field patterns at these resonances, displayed in panels (b) and (c) for L = R/2 case, it is clear that the peak at a low frequency corresponds to the electric LSP while the one at a higher frequency is the magnetic LSP. This picture is reinforced by analyzing the vectorial plots also displayed in those panels [E-field lines for the low frequency peak, (b), and H-field lines for the high frequency peak, (c)]. In the first case (b), the arrows go from one end of the structure to the other, as corresponds to an electrical dipole, whereas in panel (c) the arrows show how the magnetic field is circulating around the disk, as in a magnetic dipole. Hence, while subwavelength corrugated infinitely long cylinders present a magnetic LSP that is very close in frequencies to the electric LSP, finite corrugated disks support a magnetic LSP at a different frequency than the electric LSP.
IV. METALLIC CORRUGATED CYLINDERS AND DISKS
In the previous two sections we showed that PEC structures corrugated with subwavelength grooves filled with a dielectric material support magnetic spoof-LSPs. Although these magnetic LSP modes (and those supported by dielectric particles) are very promising in order to create dipolar magnetic resonances, they rely on the inclusion of a dielectric material with a very high n g , which could limit their feasible implementation. Building up magnetic LSP modes supported by purely metallic structures would be more convenient from the fabrication point of view. An interesting design is to replace the grooves with h ≤ R and filled with a dielectric material by very long empty grooves that posses an effective length much larger than R. In order to achieve a depth h > R, the grooves of parallel walls need to be bended and warped within the particle's volume. In Fig. 3 we present detailed results on the LSP modes in PEC structures corrugated with meanders [4] . Similarly to the already discussed PEC cylinder with filled grooves, the SCS shows a dominant peak that reveals electrical dipole and magnetic dipole field patterns. 
V. CONCLUSION
In this paper we have introduced the concept of magnetic localized surface plasmons, which adds the important ingredient of magnetism to the field of particle plasmonics.
